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Tuesday, February 10, 2015 441ainhibited by 60-120 microM phloretin, and is decreased by ClC-3 expression.
Thus, Iacid is readily distinguished from expressed ClC-3 transport. These
data indicate that ClC-3 Hþ coupling and transport is influenced by anion inter-
action, and by external protons, as suggested for the bacterial ClCec-1.
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The formate-nitrite transporters (FNTs) represent a widespread family of mem-
brane proteins involved in the translocation of monovalent polyatomic anions,
such as formate, nitrite and hydrosulfide. Recently solved structures of five of
its members reveal a pentameric protein organization with remarkable struc-
tural similarity to aquaporins, which along with electrophysiological data sug-
gest a channel-like permeation mechanism. Given the narrow and relatively
hydrophobic nature of the permeation pore, the selectivity mechanism of
FNTs remains poorly understood. The protonation state of the solutes, as
well as the key residues involved in selectivity and gating have been debated,
wherein a conserved histidine residue located central in the pore has been pro-
posed to be crucial. We use atomistic molecular dynamics simulations to
compute potentials of mean force for full permeation events of certain ionic
and neutral solutes across four FNTs (nirC, HSC and two focA channels).
Our analyses reveal a high permeation barrier (>75kJ/mol) for ions through
the hydrophobic pore of all investigated channels. This barrier is significantly
reduced or annihilated when either the central histidine residue, or the perme-
ating solute are protonated. Moreover, we employ QM/MM calculations to
investigate the proton exchange between said residue and the permeating so-
lute, thus giving insight into the molecular details of permeation. In summary,
the extensive calculations provide a detailed quantitative picture of the ener-
getics of permeation of physiologically relevant solutes through all FNT sub-
types with experimentally solved structure.
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The gating mechanism of TMEM16A, an essential subunit of the Ca2þ-acti-
vated Cl- channel, remains incompletely understood. Gating of TMEM16A
channels is complex because elevation of intracellular calcium concentration
([Ca2þ]i), strong depolarizations (Vm), and high extracellular Cl or highly per-
meant anions seem to contribute. In the present work we show that in
TMEM16A no gating currents can be detected, however, external Cl ions might
play a role in voltage sensing because the kinetics and magnitude of current
activation were dependent on [Cl-]e. The onset and offset of Cl- currents pro-
duced by 0.5 s depolarisations of cells bathed in 137 mM [Cl-]e followed a
mono-exponential behaviour; a subsequent reduction of [Cl-]e to 10 mM dimin-
ished the conductance ~2-fold. These data suggest a single gating process regu-
lated by extracellular Cl-. In contrast, when cells were exposed to 137 mM
[Cl-]e the onset and offset currents elicited by 20s depolarisations exhibited
fast and slow kinetics. Activation of the slow component resulted in large onset
Cl- currents that did not reach steady-state at the end of the 20s pulse. This
behaviour was abolished after activating TMEM16A with 5 mM [Ca2þ]i or after
deleting four residues (448EAVK451) located in the first intracellular loop.
Deleting four additional residues (444EEEEEAVK451) resulted in Cl- currents
that decayed at the end of the 20 s depolarization. To explain our data we devel-
oped a 12-state gating model assuming that TMEM16A is activated by a direct,
Vm-dependent binding of two Ca2þ ions. In this model external Cl- increases
channel open probability by promoting stable Vm-dependent Ca2þ binding.
Our model reproduced the gating behaviour of the TMEM16A currents in
response to voltage, Ca2þ, and [Cl-]e. Thus, we conclude that external Cl sta-
bilises Ca binding and promotes two gating modes in TMEM16A. Supported
by grant 219949 from CONACyT.
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Whole cell ion currents were recorded in RAW 264.1 mouse macrophage cells
by means of the voltage clamp technique in the whole cell configuration.Outwardly rectifying anion currents were activated by sphingosine-1-
phosphate (S1P). The current reversal potential was shifted by replacement
of extracellular Cl- by glutamate- but not when extracellular Naþ was
substituted by Trisþ revealing that the S1P-induced current was mainly carried
by anions. Similar currents were induced by hypotonic extracellular solution.
The inhibition of the S1P-induced currents by hypertonic extracellular or hypo-
tonic intracellular solution as well as the inhibitory effects of the anion channel
blockers NPPB, tamoxifen and glibenclamide indicate that the anion current is
mediated by volume-regulated anion channels (VRAC). The S1P effect was
blocked by the blocker of the S1P receptor 1 subtype (S1PR1) W123 and by
intracellular GDPbS which points to a signalling via S1PR1 and G-proteins.
As ccytochalasin D diminished the action of S1P we conclude that the actin
cytoskeleton is involved in the stimulation of VRAC. S1P as well as hypotonic
extracellular solution induced a secretion of ATP from the macrophages which
was blocked in both cases in a similar way by typical VRAC blockers. We sup-
pose that the S1P-induced ATP secretion in macrophages via activation of
VRAC constitutes a functional link between sphingolipid and purinergic sig-
nalling in essential processes such as inflammation, migration of leukocytes
as well as phagocytosis and killing of intracellular bacteria.
This work was supported by the Roux program of the Medical Faculty of the
Martin Luther University Halle (FKZ 28/29).
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Thefirst extracellular loop (ECL1) ofCFTRcontains several residues involved in
stabilizing theopen state ofCFTR.D110 is positioned on the side ofECL1nearest
to the CFTR pore, extracellular to several amino acids in the first transmembrane
helix important for chloride permeation. In the present study, we utilized cysteine
mutagenesis and electrophysiology to observe real time effects of chemical
manipulation on D110C-CFTR and on a double mutant of D110C with K892C
in ECL4, across the CFTR pore. Via whole Xenopus oocyte TEVC recording,
we found that the reducing agent DTT increased the conductance of D110C-
CFTR 3.21 þ/ 1.16 fold and D110C/K892C-CFTR 13.0 þ/3.5 fold. Treat-
ment of both variants after DTT with Copper (II) Phenanthroline quickly
inhibited them to a similar extent (~75%). Single channel recordings without
DTT showed that both mutants contain full conductance comparable to WT-
CFTR, but significantly decreased mean burst duration. We previously reported
modification of D110C/K892C channels with DTT led to increased openings in
multichannel patches, without apparent effects on single channel conductance or
open burst duration, indicating that DTT likely breaks a closed-state linkage be-
tweenD110CandK892C.ModificationofD110C-CFTRwithDTTresulted in an
increase in mean burst duration from 154ms to 369ms. Finally, via TEVC, we
found that 20uM Cadmium inhibited DTT-treated D110C-CFTR that reversed
within 30s of washout, whereas D110C/K892C-CFTRwas inhibited irreversibly
in the same context. WT, K892C-, D112C/K892C-, and E115C/K892C-CFTR
were unaffected by DTT or Cd2þ. We interpret our results to indicate the posi-
tioning of the pore-facing end of ECL1 is important for CFTR gating, and the
more profound effects of DTT and Cd2þ on D110C/K892C-CFTR versus
D110C-CFTR may also indicate ECL1 and ECL4 must separate during CFTR
channel opening. Support: NIH 5R01DK56481
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Phosphorylation of connexin43 (Cx43) has been shown to regulate gap junction
(GJ) intercellular communication. A Cx43 carboxyl-terminus(CT) mimetic
peptide (aCT1) increases GJ size via reduced Cx43/ZO-1 interaction in vitro
and increases phosphorylation of Cx43 at aa S368 (Cx43pS368) in vitro and
in vivo. We previously reported the effects of aCT1-treatment in a left ventric-
ular (LV) cryoinjury model in vivo (Circ Res 2011;108(6):704-15). At 8-weeks
after cryoinjury, histological assessment showed decreases in scar size and in-
creases in collagen fibril uniformity in aCT1-treated hearts versus controls.
Interdigitation of collagen and fibroblasts between myocytes in the injury
border zone (IBZ) was reduced in treated hearts versus controls. Treated hearts
exhibited a decreased propensity for induced arrhythmias (p<0.02) and an in-
crease in Cx43pS368 in the IBZ which correlated with a tendency for Cx43 to
be maintained at intercalated discs.
To study the mechanistic effect of aCT1 on myocyte-fibroblast interactions via
Cx43, we created a 3D heterocellular system to model the injury border zone
442a Tuesday, February 10, 2015(IBZ) in vitro. Neonatal rat ventricular fibroblasts were seeded to form a shell
around a core of aggregated neonatal rat ventricular myocytes (NRVMs) in 96-
well micromolds. After 72 hours, aCT1-treatment of aggregates induced an in-
crease in heterocellular interactions via total Cx43 (p¼0.03) and Cx43pS368
(p¼0.01). Studies of an in vivo LV cryoinjury model were used to validate
these data. Changes in myocyte-fibroblast interactions, GJ plaque size, and
GJ sub-domain organization after aCT1 treatment were detected with confocal
and super-resolution microscopy (both gSTED and STORM). Super-resolution
microscopy enabled resolution of discrete phospho-S368 non-phosphorylated
subdomains of Cx43 within GJ plaques. In sum, our results indicate the poten-
tial for Cx43 CT effects on heterocellular interactions via Cx43 in the IBZ and
scar following myocardial infarction.
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A signal property of connexin channels is the ability to mediate selective diffu-
sive movement of molecules through plasma membrane, yet the movement of
biological molecules through these channels has yet to be well-characterized
inmechanistic or energetic terms.Different connexin channels have distinctmo-
lecular selectivities that cannot be explained on the basis of size or charge of the
permeants; the forces that molecules experience within the pore determines
whichmolecules are permeable and to what degree. The energetics of the move-
ment of two derivatized sugars, one permeable and one impermeable, through an
experimentally validated connexin26 (Cx26) structuralmodel were explored us-
ingHamiltonian Replica ExchangeMDUmbrella Sampling (US/H-REMD) and
Steered Molecular Dynamics (SMD), and associated analytic tools. Crucially,
the Cx26 channel model, in explicit membrane/solvent, incorporates key post-
translational charge changes shown by Brownian Dynamics to be required to
reproduce the electrical conductance characteristics of the native channel
[Kwon J.Gen.Physiol. 138:4751]. The results show energy profiles consistent
with experimental results. The energetic barriers extend through most of the
pore length, rather than being highly localized, as in ion-specific channels. There
is little evidence for binding within the pore. Force decomposition reveals how,
for each test molecule, interactions with water and with the Cx26 protein vary
over the length of the pore, and reveal a significant contribution of interaction
with Kþ ions. The flexibility of pore width varies along its length, and the test
molecules tend to widen the pore as they pass through. This work highlights fac-
tors involved in selective molecular permeation that may not be significant for
atomic ions. The results suggest that this system can be used to explore the mo-
lecular basis by which connexin channels select among (potential) permeating
molecules, and how mutations alter the permeation process.
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Gap junctions (GJ) are intercellular channels that connecting the cytoplasm of
neighboring cells. GJ channels formed by Cx50 and Cx36 show drastic disparity
in their unitary channel conductance (gj) and transjunctional voltage-dependent
gating (Vj-gating), but the important underlyingmolecular domains/residues are
not clear. Experimental evidence showed that residues in the first extracellular
domain (E1) of Cx50 likely line the GJ channel pore and may play an important
role in determining gj and Vj-gating. We aligned the E1 sequence of Cx50 with
that of Cx36 and found 10 different residues (4 out of 10 residues involve a
change in charge). We generated a chimera Cx50Cx36E1, in which the E1 of
Cx50 was replaced by the E1 of Cx36, and 4 point mutations in E1 of Cx50
(where a charge change occurs, i.e. G46D, D51M, E62N and E68R). Dual patch
clamp study on the homotypic GJ channels formed by the chimera or the point
mutants in N2A cell pairs indicate that the Cx50Cx36E1 channel showed little
change in the Vj-gating properties, but displayed a significantly reduced gj. Sur-
prisingly, homotypic G46D, E62N and E68R channels all increased gj and
showed little change in Vj-gating properties, except E62N. D51M failed to
form functional GJ channels. Our homology structure models of the chimera
and the mutants indicate that the electrostatic properties of the pore-lining resi-
dues are a key parameter in facilitating ion permeation and play a role in the
Vj-gating properties of Cx50 and possibly other GJ channels.2224-Pos Board B361
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The most well-known role of Connexins (Cxs) is to communicate the cyto-
plasm of two adjacent cells forming a gap junction channel in the apposi-
tion zone. On the other hand, Cxs form the so called ‘‘hemichannels’’, a
fully functional voltage-gated non-selective ion channel, which present
two gating mechanism called ‘‘slow’’ and ‘‘fast’’ gating. Hemichannels
consist of 6 monomers, each one composed of four transmembrane do-
mains. Despite the fact that hemichannels are voltage-activated, they lack
the classical voltage-sensing domain described for canonical voltage-gated
channels. Furthermore, the molecular determinants associated to the voltage
activation in connexins hemichannels are still elusive. In this work we
search for the molecular determinants associated to voltage detection in hu-
man Cx26 hemichannels. Using two electrode voltage-clamp in Xenopus
laevis oocytes, we study how the steady-state conductance-voltage (G/V)
relationship and kinetics of gating are affected by the neutralization of
different charged residues located within the first transmembrane domain.
We have found that Cx26 conductance-voltage curve shows an apparent
number of gating charges (zd) of 1.4 e0 for the slow gating mechanism.
On the other hand, we obtained a zd of 3.9 e0 for the fast gate, which is
in agreement with the zd of Cx26 gap junctions. A simple three-state
closed-open1-open2 kinetic model is able to account for the channel voltage
dependence. Furthermore, our data shows that neutralizing the K41 residue
(K41N) increases the zd; of the slow gate to 2.5 e0, and decreases the zd of
the fast gate to 2.3 e0.
This work is supported by FONDECYT Grants 1110430 (R.L.), 1120802
(C.G.), 1130855 (A.M.); ANILLO Grant ACT1104 (C.G.); Beca para Estudios
de Magı´ster en Chile An˜o 2014 (B.P.); CINV is a Millennium Institute sup-
ported by the Millennium Scientific Initiative of the Ministerio de Economı´a,
Fomento y Turismo.
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The outer membrane of Gram-negative bacteria contains various porins to
permit the passage of water soluble molecules into the periplasm of bacte-
ria. Compared to the Gram-negative bacterium Escherichia coli, the patho-
genic organism Pseudomonas aerugionsa mainly contains substrate-specific,
relatively small-sized porins making the transport of various substrates
through its outer membrane difficult. Small molecules containing carboxylic
acid group are taken up by the members of the Occ family (1). Thus, un-
derstanding the structure-function relationship of these porins is crucial to
rationally design new antibiotics with better permeability. Recent electro-
physiological experiments have shown that OccK5 - a member of the
Occ family of proteins - exists in two conducting substates, i.e., O2 and
O1 (2). Our goal is to study the conformational dynamics of OccK5 porin
using molecular dynamics (MD) simulations (3). To this end, accelerated
MD simulations have been used to characterize the structural and dynamic
properties of the OccK5 porin. Using accelerated simulations, transitions be-
tween O2 and O1 substates have been achieved. Our study provides the first
atomistic view of the transition between O2 and O1 substates in OccK5.
Particularly, the role of specific arginine side chain conformations in
defining the different substates of OccK5 is described. To further confirm
these findings a temperature-dependent single channel analysis has been per-
formed. Experimental data reveal kinetic and thermodynamic constants of
the transitions between the observed major sub-states and probable transi-
tion intermediates.
References
(1) Tamber, S., et al.; J. Bacteriol., 189:929 (2007).
(2) Liu, J., et al.; Biochemistry, 51:2319 (2012).
(3) Modi, N., et al.; Nanoscale, 4:6166 (2012).
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The outer membrane acts as a selective uptake barrier in Gram negative bac-
teria. It contains protein channels (porins) which provide an entry pathway for
